The capacity of aqueous foam to decrease the pressure produced by explosive material in close proximity areas is well known. This paper presents some results of shock wave attenuation obtained in aqueous foam during explosive experiments. We conducted our experiments in two steps: Firstly, a spherical device of 6.6 kg of Plastrite (pentrite based explosive substance) was held at a height of 2 meters and initiated at its centre in an open air range. The evolution of pressure was measured by means of seven PCB pressure pencil gauges at the same height, and at various ranges from 2 to 5 meters. Secondly, a wide structure was filled with aqueous foam at an average density of 1:125 and the same test was performed inside the foam. The results of those tests are discussed in terms of the overpressure, Time of Arrival and blast wave velocity in each case. The results are compared to relevant literature at every step. Furthermore, the results between the two tests are compared to reach a conclusion on the capacity of aqueous foam required to decrease blast effects on a structure.
Introduction
It is well know that aqueous foam can decrease the effect of a shock wave caused by an explosive device. In this way, we have performed two different experiments in our explosive area. The first one was performed in air and the second one was performed in foam with a density of 1:125. This paper presents some results of overpressure measurements obtained from the detonation of a sphere made with 6.6kg of Plastrite ® (pentrite base explosive material). In both cases, the measurements of pressure were carried out to allow a comparison of pressure, due to explosions in air and in the foam. Seven PCB pencil gauges were used for the tests. We firstly present in this paper our experimental device. Secondly, we present the results obtained in air and we compare them to the laws proposed by Kinney and Graham [1] . Thirdly, we present the results obtained in foam and we compare them to literature laws proposed by Sandia laboratories [2] . Finally, we compare the results of overpressures and average speeds of blast waves in air and foam, before concluding that foam is a good media to dramatically decrease the effect of shock waves caused by detonation for structures as well as for humans.
Background
The foam's capacity to decrease blast effects has already been investigated by Sandia National Laboratories [2] 20 years ago, by using pencil pressure gauges. They performed tests at several foam densities and several weights of C4 explosive. An analytical formulation of the overpressure level and Time of Arrival has been proposed empirically. Furthermore, Kinney and Graham [1] published more than 20 years ago their "Explosions in air". The comparison with their theory allows us to ensure that the way we choose to perform blast wave characteristics measurements is accurate enough and produced good results.
Experimental settlements
We have carried out our tests with seven PCB pencil gauges. The types of sensor are free field blast pencil gauges with integral electronics. They have the advantage of being perfectly usable in explosive experiments in open range areas, by allowing long cable driving. We have chosen two different types of gauges. The first one is able to measure overpressure from 0 to 3.4 bars and for the distance closer to the explosive device; we used gauges with a 0 to 34 barsThe picture presented in figure 1 shows the experiment configuration in air and the placement of the gauges. Picture of experiment in air with pencil type gauges. The main values of our experiments in air are summarized in table 1. One can notice that the duration of the positive blast wave is quite difficult to measure, due to the shape of the signal that represents the characteristics of a ground reflection.
Experimental results in air and comparison to bibliography

Comparison between explosive materials
Abaca and analytics data are available for the TNT, which is the reference explosive material. For the Plastrite explosive material, we have used an equivalent weight factor of 1.27 to calculate the pressure, in order to compare the result with bibliography sources. This means that the pressure due to a mass of 1kg of Plastrite at a given distance is the same (in similar experimental conditions) to the pressure obtained with 1.27 kg of TNT. For our experiments, the 6.6 kg of Plastrite has the same behaviour as that of 8.3 kg of TNT.
Comparison between overpressures in air
The values for pressure, the Time of Arrival and the wave average velocity are found in literature with scaled values. We also use the scale distance to allow us to compare our results with Kinney [1] . The following data are also expressed in this way:
where r is the scale distance; R is the distance in meters and W e is the explosive weight of TNT equivalent. Those hypotheses allow us to present the graphic in figure 3 below, which describes the evolution of overpressure versus the distance from the centre of the explosive device. Furthermore, in the second part of this paper, we assume that those rules are still valid for foam, which will allow us to compare our results with the literature from the Sandia laboratory. 
Comparison between Times of Arrival in air
The Time of Arrival measurements can be achieved thanks to the fact that all gauges have been synchronized with the precise time of detonation. The front of the pressure is so sharp that it allows us to determine the Time of Arrival of the blast wave in air accurately. Figure 4 shows a good agreement between Kinney's law and our results.
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Comparison between the average speeds of the blast wave in air
The calculation of the average speeds of the blast wave is achieved through the determination of the Time of Arrival. The average speed U at the distance (or radius) R is calculated simply as follows: U(R) = t a / R The values of the average speeds presented in figure 5 below are also compared with Kinney [2] . One can see a good correspondence between our results and the bibliography, as well as for the overpressure, Time of Arrival and average speed. We have also decided to perform the tests in foam with a good chance of success by using the same experimental process. The next section presents the results we obtained with foam of 1:125 density.
Comparison of average speed between bibliography and our measurements
Experimental results in foam and comparison to literature
In order to perform the experiments in foam, we used the same gauges as in air with the same methodology and we carefully avoid foam (or moisture) penetration inside the connections. The graph in figure 6 presents an example of signals from pencil PCB gauges in foam.
Although the gauges are entirely in aqueous foam, the quality of signals is good. The main values from our experiment in foam are summarized in table 2. 
Comparison between explosive materials
Sandia laboratory used C4 for their experiments. So, to compare the Sandia published empirical laws with our results, we need to consider an equivalent factor of pressure between C4 and pentrite. We calculated that this factor should be approximately 1.08.
Comparison between overpressures in foam
As one can see in figure 7, we reach a good agreement between our experimental results and Sandia laws in foam although one can remark that a difference for the closer gauge from the device exists. Overpressure comparison between the measure and the Sandia law.
Comparison between the Times of Arrival in foam
This measurement is collected with the same methodology as used in air. All gauges have been synchronized with the instant of the time of detonation. Nevertheless, the front of pressure is less sharp than in air, as one can see in the example of signals shown in figure 6. So the Times of Arrival are more difficult to determine. The graph presented in figure 8 shows some differences between our results and the Sandia law. Those differences may come from the properties of the foam used to perform our test. The fact that the Time of Arrival is greater than was seen in the literature could indicate that our foam reduces the velocity of the blast wave more effectively. Figure 9 shows the comparison between the evolution of pressure in air and in foam with a density of 1:125. As one can see, the capacity of foam to decrease shock wave overpressures is particularly efficient. This allows one to choose foam with a view to protecting structures from blasts.
Comparison of overpressure results between air and foam
Comparison of the average speeds between results in air and foam
Our experiments show the decrease of average speeds more than doubled between the experiments in air and in foam. Furthermore, the average velocity 
Conclusions
This paper shows the capacity of aqueous foam to dramatically decrease the overpressure shock wave by a factor of 5 to 10. Furthermore, we found a decrease in the average speed of shock waves of more than a factor of 2. A second step would be to measure and to compare impulsion between several types of explosives material. Furthermore, some other experiments should be done with different foam densities with a view to comparing the shock absorption capacity. The aim could be to determine the capacity of foam to protect human lives as well as the integrity of structures from blasts, which could occur by accident or maliciously.
